INTRODUCTION {#sec1-1}
============

Chronic periodontitis is a multifactorial disease primarily caused by dental plaque microorganisms with modifying effects from other local and systemic factors. It results from the immunoinflammatory response to chronic infection, which leads to the destruction of periodontal tissues. Host susceptibility plays an important role in the initiation and progression of periodontitis.\[[@ref1]\] Recent studies have demonstrated that chronic periodontitis is a potential risk factor for systemic diseases such as cardiovascular disease, diabetes mellitus (DM) etc.\[[@ref2]\]

Periodontal disease has now been recognized as the sixth complication of diabetes.\[[@ref3]\] Mounting evidences suggest that a bidirectional link exists between chronic periodontitis and DM.\[[@ref4][@ref5]\] Diabetes influences the periodontium mainly due to the classic microvascular and macrovascular diabetic complications, changes in subgingival microbiota, and alterations in the host immunoinflammatory response to potential periodontal pathogens.\[[@ref4]\] Diabetes may result in impairment of neutrophil adherence, chemotaxis, and phagocytosis, which may facilitate bacterial persistence in the periodontal pocket and progressive periodontal destruction. Chronic periodontal inflammation and proinflammatory cytokines such as interleukin-1 (IL-1) β, tumor necrosis factor alpha, and IL-6 leads to insulin resistance in type 2 DM.\[[@ref6]\] The control of periodontal infection has an impact on improvement of glycemic control in diabetic patients.\[[@ref7]\]

Vitamin D plays an important role in many chronic inflammatory diseases by influencing the expression of inflammation related cytokines.\[[@ref8]\] Insulin secretion is reduced in Vitamin D deficiency.\[[@ref9]\] Recent evidences showed that persons with diabetes have lower serum concentrations of Vitamin D and its supplementation has improved glycemic control and insulin sensitivity in patients with type 2 DM.\[[@ref10][@ref11]\] Vitamin D has potential anti-inflammatory effect and its active metabolite, 1, 25 dihydroxyvitamin D inhibit cytokine production. Vitamin D deficiency results in bone loss and increased inflammation through its immunomodulatory effects.\[[@ref12][@ref13][@ref14]\] Recent data suggested that Vitamin D deficiency may play a role both in periodontal disease and DM.\[[@ref14][@ref15][@ref16]\]

The inflammatory status as well as Vitamin D insufficiency may create an environment conducive for the progression of chronic diseases such as diabetes and periodontitis. Since a bidirectional relationship exist between periodontitis and diabetes, we hypothesized that the serum Vitamin D level in patients with chronic periodontitis with type 2 DM could be at a lower level than that of patients with chronic periodontitis and healthy subjects. Surprisingly, this association has not been elucidated in the literature so far to the best of our knowledge. Hence, the aim of our study was to find out the level of serum Vitamin D in chronic periodontitis patients with (CHPDM) and without type 2 DM.

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional hospital-based clinical study was conducted in the Department of Periodontics, Government Dental College, Calicut, Kerala, India in collaboration with the Department of Biochemistry and the Department of Internal Medicine, Government Medical College Calicut from January 2012 to June 2012. The study was approved by the Institutional Ethics Committee Dental College Calicut. One hundred and forty-one subjects were selected and written informed consent was obtained.

The case groups included 93 subjects, of which 43 subjects (male-16, female-27) had CHPDM and 50 subjects (male-18, female-32) had chronic periodontitis without type 2 diabetes mellitus (chronic periodontitis patients \[CHP\]). The mean age for CHPDM and CHP group was 43.44 and 40.76 years, respectively. The control group comprised of 48 subjects (male-28, female-20) and their mean age was 40.77 years. A decline in serum Vitamin D is reported with aging and it may be attributed to an age-related reduction in the capacity of the skin to produce Vitamin D3.\[[@ref17]\] So we selected the age range between 30 and 50 years.

The diagnostic criteria for periodontitis was based on American Academy of Periodontology Criteria 1999, and clinical case definitions proposed by the center for disease control and prevention working group.\[[@ref18][@ref19]\] Chronic periodontitis subjects were selected from the outpatient wing of Department of Periodontics, Government Dental College, Calicut. DM was defined based on standard medical care 2010 criteria (serum glucose ≥126 mg/dl after fasting for a minimum of 8 h).\[[@ref20]\] Patients with type 2 DM were recruited from the outpatient wing of diabetic clinic, Department of Internal Medicine, Medical College Calicut and they were screened for chronic periodontitis. Control group consists of 48 periodontally healthy subjects or those with mild periodontitis who were selected from patient\'s bystanders and staff members of Government Dental College, Calicut. History of periodontal therapy within 6 months, antibiotic intake within 3 weeks, postmenopausal woman, subjects with cardiovascular or renal diseases and disease associated with Vitamin D deficiency including bone diseases, malignancies, and multiple sclerosis were excluded from the study.

Age, gender, educational status, family history of diabetes, smoking habits, duration of sun exposure, frequency of outdoor activity, history of diabetes, and history of oral hypoglycemic drug intake or insulin administration were assessed by an interview and questionnaire \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic data
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Oral hygiene and gingival status were assessed by Silness and Loe plaque index (PI),\[[@ref21]\] calculus component of simplified Greene and Vermillion index (CI)\[[@ref22]\] and Lobene *et al*. Modified gingival index (MGI).\[[@ref23]\] Pocket depth (PD), gingival recession, and the clinical attachment loss (CAL) were measured for all teeth on six sites (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual) using a William\'s graduated periodontal probe. Clinical examination was carried out by a single trained examiner (NAV).

All the study blood samples (cases and controls) were collected and assessed in the month of March 2012. Fasting blood sugar (FBS), serum calcium, and serum 25-hydroxyvitamin D (25\[OH\] D) were assessed. Serum 25(OH) D concentrations is considered to be a suitable biomarker of Vitamin D status that reflects both exposure to sunlight and Vitamin D intake from food supplements. This form of Vitamin D is biologically inactive with levels approximately 1000 fold greater than the circulating 1, 25(OH)~2~D. It is the major storage form of Vitamin D in the human body and the half-life of circulating 25(OH) D is 2--3 weeks.\[[@ref24][@ref25]\] Ideally, the desirable concentration of 25(OH) D for general health is ≥30 ng/ml\[[@ref26]\] and 20--30 ng/ml is considered as Vitamin D insuffiency.\[[@ref27]\] Level \< 20 ng/ml is generally considered as Vitamin D deficiency.\[[@ref28]\] Assessment of Vitamin D and other laboratory parameters were done by a qualified and experienced laboratory person who was blinded about periodontal and diabetic status.

Serum 25-hydroxyvitamin D assessment by electrochemiluminescence immunoassay {#sec2-1}
----------------------------------------------------------------------------

Electrochemiluminescence immunoassay^†^ was used to measure the serum 25(OH) D level. Both internal and external quality control had been done prior to the estimation of Vitamin D level. Total duration of assay was 18 min. Serum was collected and stored at 2--8°C. Measuring range was 10--250 ng/ml (defined by the lower detection limit and the maximum of the master curve).

Statistical analysis {#sec2-2}
--------------------

All data were analyzed using software package^‡^. One-way ANOVA test with *post-hoc* adjustment (Bonferroni test) was used to compare the mean for periodontal parameters like GI, PI, CI, PD, CAL and (25\[OH\] D) among the groups. Linear regression analysis was also performed. The relation between clinical parameters of the whole study population (control + CHPDM + CHP) and serum Vitamin D concentration was analyzed using Spearman\'s rank correlation coefficient test. The α value and confidence interval was set at 0.05 and 95% respectively.

RESULTS {#sec1-3}
=======

The distributions of percentages of person for education status, smoking habits and outdoor activity, and sun duration were similar in these groups \[[Table 1](#T1){ref-type="table"}\]. Body mass index (BMI) (World Health Organization^2000^ classification)\[[@ref29]\] was statistically insignificant among the groups (*P* \> 0.05). The mean FBS was 94.9 ± 15.4 mg/dl, 145.8 ± 52.4 mg/dl and 108 ± 38.7 mg/dl for control, CHPDM, and CHP group respectively and there was significant difference for CHPDM group as compared to control (*P* = 0.001) and CHP group (*P* = 0.01). The mean serum calcium level did not achieve statistical significance between CHPDM and CHP groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Systemic parameters
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Oral hygiene habits did not differ among the groups when evaluated for their oral hygiene methods (finger/brush), frequency (once/twice/after every meal), and materials (tooth paste/tooth powder/others), whereas poor oral hygiene predominated in the CHP group.

All periodontal clinical parameters were significantly higher in case groups as compared to healthy controls. *Post-hoc* and Bonferroni correction for mean PI and CAL scores, showed no statistically significant difference between CHPDM and CHP groups, (*P* \> 0.05), whereas the comparison of means of MGI, CI, and PD between the pairs of groups showed high significance \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of mean periodontal parameters MGI, PI, CI, PD, CAL and mean serum 25(OH) D level between control, CHPDM and CHP group
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The mean serum 25(OH) D level was found to be 22.3 ± 5.8 ng/ml, 14.1 ± 4.6 ng/ml and 16.9 ± 5.6 ng/ml for control, CHPDM, and CHP group respectively. The difference was statistically significant between CHP and CHPDM groups (*P* = 0.001), CHPDM and control groups (*P* = 0.001) and CHP and control groups (*P* = 0.001) \[[Table 3](#T3){ref-type="table"}\]. This showed that a strong association exists between chronic periodontitis with type 2 DM and serum 25(OH) D levels. In CHPDM groups a statistical significant difference was observed in Vitamin D level between moderate periodontitis and severe periodontitis subjects, whereas in CHP groups a significant association was not attained \[[Table 4](#T4){ref-type="table"}\]. The distribution of 25(OH) D levels in different groups (CHPDM, CHP and Control) was showed in scatter box plot \[[Figure 1](#F1){ref-type="fig"}\]. The values PI, MGI, CI, PD, and CAL for the whole study population (control + CHPDM + CHP) were plotted in scatter plot on X axis and serum 25(OH) D values were plotted on Y axis \[[Figure 2](#F2){ref-type="fig"}\]. It was found that correlation of serum 25(OH) D with MGI, PI, CI, PD, and CAL (control + CHPDM + CHP) was highly significant \[[Figure 2](#F2){ref-type="fig"}\]. Linear regression analysis indicated that the serum Vitamin D level was influenced by DM and Periodontitis even after adjusting for age, smoking habits and outdoor activity \[[Table 5](#T5){ref-type="table"}\].

###### 

Serum vitamin D level in cases with moderate and severe chronic periodontitis
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![Distribution of mean serum 25-hydroxyvitamin D level in groups](JISP-19-501-g005){#F1}

![(a) Relation between mean serum 25-hydroxyvitamin D (25\[OH\]D) level and clinical parameters (control + chronic periodontitis patients + chronic periodontitis patients with type 2 diabetes mellitus) serum 25(OH)D level versus modified gingival index, (b) serum 25(OH)D level versus plaque index, (c) serum 25(OH)D level versus calculus index, (d) serum 25(OH)D level versus probing depth, (e) serum 25(OH)D level versus clinical attachment loss](JISP-19-501-g006){#F2}

###### 

Linear regression analysis of serum 25(OH) D level and demographic parameters
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DISCUSSION {#sec1-4}
==========

In our study, CHP group have showed a tendency towards the prediabetes. Chronic systemic inflammation from periodontal disease stimulates inflammatory cytokines leading to insulin resistance and impaired fasting glucose level.\[[@ref30]\] Our findings suggested that periodontal disease could have an effect on increased risk for prediabetes. Vitamin D stored in fat tissue causes decreased bioavailability and exposes obese patients to greater risk of developing Vitamin D insufficiency. However, in the present study, BMI of the patients in case groups and control group did not differ significantly.

In this study, even though the probing pocket depth and calculus index was significantly higher in CHP group as compared to CHPDM group, the CAL was not statistically significant between them. This showed that the rate of tissue destruction was more in CHPDM group and diabetes could have an effect on CAL. Factors other than calculus and pathogenic microorganism may influence the actual presentation of chronic periodontitis in diabetes subjects. This is in accordance with the previous studies\[[@ref5][@ref31]\] showing that diabetes is a risk factor for periodontitis.

One of the important observations found in this study: The mean serum Vitamin D level was less than the normal range in all groups including control subjects. The insufficient Vitamin D level (22.3 ± 5.8. ng/ml) in control subject may be due to inadequate intake of Vitamin D containing food substances coupled with inadequate sunlight exposure. With modernization the number of hours spent on outdoor activity is decreased. Harinarayan *et al*. in 2008 reported low Vitamin D status in urban and rural population of Andhra Pradesh state in South India.\[[@ref32]\]

Most of the patients in CHPDM group had Vitamin D deficiency. Yu *et al*. in 2012\[[@ref33]\] reported that in his study population, the majority of patients with type 2 diabetes were Vitamin D deficient. Baynes *et al*.\[[@ref34]\] in 1997 found that 25(OH) D concentrations has an inverse correlation to blood glucose concentration. Recently, a meta-analysis for observational studies showed a relatively consistent association between low Vitamin D status, and type 2 DM.\[[@ref10]\] From these studies, it is evident that a relationship exists between insufficient serum Vitamin D level and type 2 diabetes. In contrast, Hidayat *et al*. in 2010\[[@ref11]\] suggested that there was no correlation between Vitamin D deficiency and type-2 DM.

In our study, the prevalence of Vitamin D deficiency was high in CHP group as compared to control group. Dietrich *et al*. in 2005 evaluated the association between serum 25(OH) D and gingival inflammation\[[@ref35]\] and found a strong negative association. They concluded that this inverse association may be due to the anti-inflammatory effect of Vitamin D. Boggess *et al*. in 2011 examined the relationship between maternal Vitamin D status and periodontal disease\[[@ref36]\] and reported that pregnant women with moderate to severe periodontal disease had lower median 25(OH) D levels than controls. However, literature also revealed a contrasting report regarding elevated plasma 25(OH) D level in aggressive periodontitis patients.\[[@ref37]\] In our study, a negative correlation with Vitamin D level and CAL was observed. Our result is consistent with the study conducted by Dietrich *et al*. in 2004 who reported an inverse association between serum 25(OH) D and periodontal attachment loss.\[[@ref14]\]

Vitamin D deficiency could negatively affect the periodontal health. Its anti-inflammatory effect is mediated through inhibition of cytokine production, stimulation of monocytes and macrophages, and secretion of peptides with potent antibiotic activity. Recently, it has been suggested that its effect on periodontal disease, tooth loss, and gingival inflammation is through its anti-inflammatory effect.\[[@ref35]\] The low Vitamin D level observed in CHP group in our study could have an effect on periodontal disease process and progression. The serum Vitamin D level in CHPDM group was at a lower level than that of patients with chronic periodontitis in this study. The Inflammatory status as well as Vitamin D insufficiency may create an environment conducive for the progression of diabetes and periodontitis in this group.

Studies have suggested that patients with chronic inflammatory diseases are deficient in 25(OH) D.\[[@ref38][@ref39]\] The Vitamin D nuclear receptors (VDR) located in the nucleus of a variety of cells including immune cells.\[[@ref39][@ref40]\] The body controls the activity of VDR through recognition of Vitamin D metabolite 25(OH) D, which antagonize or inactivate the receptor, while 1, 25 dihydroxyvitamin D agonize or activates the receptor. When exposed to infection, the body begins to convert the inactive form of 25-D into the active form, 1, 25-D. As cellular concentrations of 1, 25-D increase, 1, 25-D activates the VDR. However, bacteria create ligands, which like 25-D, inactivates the VDR and in turn, the innate immune response.\[[@ref40][@ref41]\] An intraphagocytic bacterial microbiota is proposed to be the primary cause of VDR dysfunction which allows the microbes to proliferate.\[[@ref40]\] In response, the body increases the production of 1, 25-D from 25-D, leading to low 25-D and a high 1, 25-D, one of the hallmarks of chronic inflammatory disease. A low level of serum 25-D is seen as the result of down regulation, rather than a causal factor leading to illness.

The present study reveals, it is possible that the low serum Vitamin D level in the case groups (CHP and CHPDM) may be due to the diseases process rather than low Vitamin D acting as a cause.

CONCLUSIONS {#sec1-5}
===========

This study observed a low level of serum Vitamin D level in patients with chronic periodontitis and chronic periodontitis with type 2 diabetes. Low serum Vitamin D level in CHP and CHPDM group in our study may be due to the disease process rather than low Vitamin D acting as a cause. So the underlying microbial disease process and diabetes could have a synergistic effect in lowering serum 25(OH) D levels in CHPDM patients. In this article, we are trying to put forward a new hypothesis, regarding the possibility of association between periodontal inflammation and low serum Vitamin D level as future directions. Multicenter study with large sample size is needed to study the serum Vitamin D status in chronic periodontitis and diabetes patients.
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